Introduction: This survey characterizes viewpoints of cognitively intact at-risk participants in an Alzheimer Prevention Registry if given the opportunity to learn their genetic and amyloid positron emission tomography (PET) status. Methods: A total of 207 participants were offered a 25-item survey. They were asked if they wished to know their apolipoprotein E (APOE) and amyloid PET status and if so, reasons for wanting to know, or not, and the effects of such information on life plans. Results: One hundred sixty-four (79.2%) of the registrants completed the survey. Among those who were unaware of their APOE or amyloid PET results, 80% desired to know this information. The most common reasons for wanting disclosure were to participate in research, arrange personal affairs, prepare family for illness, and move life plans closer into the future. When asked if disclosure would help with making plans to end one's life when starting to lose their memory, 12.7% versus 11.5% responded yes for APOE and amyloid PET disclosures, respectively. Disclosure of these test results, if required for participation in a clinical trial, would make 15% of the people less likely to participate. Likelihood of participation in prevention research and the desire to know test results were not related to scores on brief tests of knowledge about the tests. Discussion: These results suggest that stakeholders in AD prevention research generally wish to know biological test information about their risk for developing AD to assist in making life plans.
Background
Owing to the advent of potentially disease-modifying drugs that are now in clinical trials for Alzheimer's disease (AD), there is great interest in identifying those in the prodromal [1] or preclinical [2] stage of the illness who may benefit most from such interventions. Identification of the most appropriate and willing subjects for these trials requires large outreach programs and prescreening activities by research sites. Family members of those afflicted with AD are among the largest segment of stakeholders who are most interested in possibly participating in these trials.
To accomplish the major task of identifying potential participants for prevention trials from the population, a number of centers have established registries, either using large scale web-based outreach, such as the Alzheimer's Prevention Initiative based in Arizona [3, 4] , or more localized community efforts, such as the Alzheimer's Disease Prevention Registry at Duke University [5] and the Wisconsin Registry for Alzheimer's Prevention [6] .
Selection of prevention trial participants from such registries then rely on risk stratification. Diagnostic biomarker tests, such as amyloid positron emission tomography (PET) imaging, and genetic risk factor tests for apolipoprotein E (APOE) genotype offer a means of reliably identifying people at significant risk of developing Alzheimer's disease, but it is unclear how potential and already enrolled research participants feel about their use if and when they personally learn of the results [7, 8] . Furthermore, ethical concerns have been raised [9] , including enablement for preemptive suicide when people learn of risk information while they are still cognitively intact enough to make such plans [10] . On the other hand, there is also the potential benefit that learning about risk for the disease will motivate individuals to make important lifestyle changes to reduce risk.
Therefore, we carried out a survey of people in the Rhode Island Alzheimer Prevention Registry (RIPR) aiming to understand the viewpoints of cognitively intact people if given the opportunity to learn their APOE genetic status and amyloid PET status in a research setting. Although previous surveys have begun to address these topics in more general samples, our study examined individuals who were specifically interested in participating in prevention research and who had high rates of concern about developing Alzheimer's disease or dementia.
Methods
RIPR was established in 2012 with the support of an infrastructure grant under the Alzheimer's Disease Cooperative Study with the goal of enlisting people in the community with normal cognitive and daily living function who are interested in participating in Alzheimer prevention research. The RIPR is included in the Rhode Island State Plan for Alzheimer's Disease [11] that was instituted in response to the National Plan to Address Alzheimer's Disease [12] . Participants are recruited by various community outreach efforts such as public presentations and advertisements as well as directly from the family and friends of patients attending the Rhode Island Hospital Alzheimer's Disease and Memory Disorders Center, a large hospital-based tertiary diagnostic and treatment center that receives referrals from the southeastern New England area.
Participants are invited to come for an office visit, for cognitive and APOE genetic testing, but this office visit is not required. Of the people who have enlisted in the RIPR, 90.2% have completed the office visit to date, with the remainder yet to be scheduled or refused due to inconvenience on the part of the participant. All participants sign an informed consent approved by the Rhode Island Hospital Institutional Review Board. All participants are interviewed by phone, and basic demographic information is collected as well as information on exercise, diet, and family history of dementia. Medical and psychiatric history and medication usage data are collected as well. Exclusion criteria include diagnosis of Alzheimer's disease or any dementia disorder, diagnosis of a major psychiatric condition that could impair cognition, including alcoholism by Diagnostic and Statistical Manual of Mental Disorders, 4th Edition criteria, diagnosis of mental retardation, Down's syndrome, or other major learning disability, education ,6 years, non-English speaking, other neurologic disorder that affects cognitive (e.g., traumatic brain injury, stroke, Parkinson's disease), and age ,45 years.
The Minnesota Cognitive Acuity Screen (MCAS) [13] is a cognitive screening instrument administered by phone to further exclude those likely to have dementia. Those in the range of mild cognitive impairment on this scale are not excluded. The MCAS has been shown to have good discrimination function between AD, mild cognitive impairment (MCI), and normal subjects [14, 15] when used by telephone, and it has also been shown to have predictive ability for functional decline and conversion to dementia in one longitudinal study [16] . Among current registry participants, 16 .7% are classified as MCI and the rest as being cognitively normal, using established cutoff scores for the MCAS.
The 207 people enrolled in the registry as of October 2014 were offered an anonymous 25-item survey to complete on paper or online. No standard educational materials were provided to participants before completing the survey. Questions were asked about whether participants knew or wished to know their APOE genetic status and amyloid PET status and if so, their reasons for wanting to know, or not, and the effects of such information on their beliefs and life plans.
Other questions assessed demographic items as well as their knowledge about APOE and amyloid PET. Knowledge questions about APOE status included these true or false statements about APOE: (1) Is a genetic risk factor for Alzheimer's disease. If you have this risk factor, you will definitely get Alzheimer's disease if you live long enough; (2) Is a genetic risk factor. If you have this risk factor, you are more likely to get Alzheimer's disease than those who do not; (3) Has not yet been established to be a risk factor for developing Alzheimer's disease; (4) Is commercially available; and (5) Is routinely done as part of the diagnostic evaluation for Alzheimer's disease performed by most physicians. Knowledge questions about amyloid PET included these true or false statements about APOE: (1) Is a brain imaging test that is used to diagnose dementia; (2) Is a brain imaging test that can be used to help rule out or exclude Alzheimer's disease as the cause of dementia; (3) Is a brain imaging test that can reliably demonstrate if there are significant amounts of amyloid plaques in the brain; (4) If showing no amyloid in the brain, means you will not develop Alzheimer's dementia; (5) Is commercially available; and (6) Is routinely done as part of the diagnostic evaluation for Alzheimer's disease performed by most physicians.
Before development of the survey questions, the medical literature on the topics of disclosure of APOE and amyloid PET status was reviewed by examining all articles in the English language from a search of PubMed over 10 years plus meeting abstracts during the past year. For sake of comparison, questions regarding reasons for wanting to know risk status were modeled after those previously used in the REVEAL study [17] . The final questions chosen for the survey, including their exact wording, were derived from consensus of the authors.
One hundred sixty-four people completed the survey (response rate 79.2%); 138 completed the survey by mail and 26 completed it online. Demographic characteristics of the respondents are presented in Table 1 .
Results
Participants who felt they had memory problems worse than other individuals of the same age they knew were 27.5%, and of these, 72.9% were concerned about the memory changes. Participants who felt it was unlikely that they had AD were 8.6%, whereas 26.5% felt they probably had AD. Self ratings of mood were happy all the time (32.7%), occasional feelings of depression (60.5%), depressed most days (6.2%), and severely depressed (.6%).
Respondents were asked five questions to test their knowledge about the APOE test and six questions to test their knowledge about amyloid PET. The proportions of correct response for each category of test are shown in Fig. 1 . Over 70% of respondents were able to answer at least four questions correctly.
Ten had received disclosure of their APOE status and 13 had received disclosure of their amyloid PET status. Among those participants who knew their genetic risk or PET status, none reported feeling depressed, suicidal, or hopeless after receiving this information. Several of these individuals comprise a recent multiple case report that confirms this finding [18] .
Among those who were unaware of their APOE status, 80.3% desired to know this information. Desire to know about APOE status was associated with higher perceived risk for developing AD (odds ratio [OR] 5 3.25; 95% confidence interval [CI] 5 1.25-8.47, P 5 .002). Self-reported memory complaints were correlated with less desire to know their status (OR 5 0.21; 95% CI 5 0.05-0.96, P 5 .04). The most common reasons expressed for wanting disclosure were to participate in AD research (75.9%), arrange personal affairs (74.1%), and move plans closer in the future (65.5%). Among those wishing this information, 12.7% would use the information to make plans for ending their life when they started to lose their memory, Table 2 .
The most common reasons for not wanting disclosure were concerns that they would feel anxious or depressed if they had the risk factor gene (40%), Table 3 .
Among those who were unaware of their amyloid PET status, 80.6% desired to know this information. Demographic and psychological factors related to desire to know their status included perceived risk of having AD (OR 5 1.03; 95% CI 5 1.01-1.06, P 5 .001) or developing AD (OR 5 8.53; 95% CI 5 2.49-29.21, P 5 .001), whereas having an affected parent was inversely related (OR 5 0.29; 95% CI 5 0.12-0.73, P 5 .008). The most common reasons expressed for wanting disclosure were to participate in AD research (73.2%) and prepare spouse or children for their illness (60.2%). Among those wishing this information, 11.5% would use the information to make plans for ending their life when they started to lose their memory, Table 2 . The most common reason for not wanting disclosure was feeling depressed if amyloid was elevated on PET (40%), Table 3 .
Disclosure of APOE test results, if required for participation in a clinical trial, would make 43.7% of people more likely to participate and 14.8% of people less likely to participate. Disclosure of amyloid PET results, if required for participation in a clinical trial, would make 41.6% of people more likely to participate and 15.3% of people less likely to participate. The likelihood of participation and the desire to know APOE and PET results were not significantly related to total scores on the tests of knowledge.
Discussion
These survey results show that the vast majority of stakeholders in AD prevention research wish to know biological test information about their risk for AD, not only for the purpose of participating in research but also to assist in making life plans. A minority of potential participants would prefer not to be informed due to the potential anxiety and depression that may result from having a positive test result. Furthermore, providing such knowledge would have a more positive than negative overall effect on recruitment.
Although stakeholders at risk for AD are clearly interested in learning more about their individual risk, even the general population is keenly interested in knowing this information. For example, a general population survey of 314 individuals found that 79% of respondents stated that they would take a hypothetical genetic test to predict whether they would eventually develop AD [19] . In a survey module that was added to the Health and Retirement Study, among 1641 older adults, 60% indicated interest in testing that would help them learn about their AD risk [20] . In a crosssectional telephone survey of 2678 adults across the United States and four European countries, 67% reported that they were "somewhat" or "very likely" to get a medical test to detect early AD if one became available [21] .
Other studies focusing on more clearly at-risk samples in research settings such as ours have had similar findings. One survey of first-degree relatives of individuals with AD [22] examined beliefs and attitudes toward APOE predictive testing using hypothetical situations and found that the Abbreviations: APOE, apolipoprotein E; PET, positron emission tomography.
most important reasons for seeking testing were informing late-life decisions and planning future AD care. This study, as well as ours, also noted that perceived risk was strongly associated with desire to obtain genetic test information, whereas (as in the case of amyloid PET in our study) having a family history of AD reduced the interest in getting predictive testing. The reason for this latter observation as well as the observation that self-reported memory complaints were also related reduced interest in predictive testing is unknown but possibly due respondents already feeling that they know that they are at risk and are not in need of additional information. These results are also very similar to those obtained from a survey performed online in 4036 people from the Alzheimer Prevention Registry based in Arizona [23] . Compared with our sample, respondents in this survey were younger (age 18 vs. 45 and mean 58.0 vs. 64.7 years), more often female (82.1% vs. 73.9%), less likely to have a first-degree relative with AD (61.3% vs. .71.8%), and more likely to be college educated (66.2% vs. 42.0%). Despite these differences as well as the method of registry enrollment (online vs. telephone or in person), their results produced similar trends. Like our sample, respondent understanding of biomarker testing was poorer for amyloid PET than for genetic testing (32.6% vs. 13.1%). A large majority (70.4%) felt that presymptomatic APOE genetic testing was important, and they would use the information for positive reasons such as beginning a healthier lifestyle (90.5%) and getting long-term insurance (76.3%). Similar results were seen for PET and spinal fluid biomarker disclosure: 80.2% of their respondents wanted to know biomarker results to reveal AD years before symptom onset, quite consistent with the rate of 80.6% in our sample who wished to know their amyloid PET status. Overall, our results extend the findings from the Arizona survey and suggest that desire to know risk status for AD is not restricted to highly educated and younger individuals.
Of particular concern, the Arizona survey found a minority of people who would use disclosure to "seriously consider suicide" (11.6% for APOE and 10.2% for biomarker disclosure). We asked a related but more specific question applying to pre-emptive suicide and found that a minority of respondents (12.7% for APOE and 11.5% for amyloid PET disclosure) would use the disclosure to "plan for ending your life when you start to lose your memory." We agree with their conclusions that there is a need for greater public education on genetic and biomarker tests for AD and that psychological assessments for depression and counseling should be part of screening those who can or should be provided this information.
To address this concern, a standardized screening and disclosure process for amyloid PET has been successfully implemented in over 300 participants in the A4 secondary prevention trial so far [24] . Longitudinal assessment of the impact of such disclosure will be obtained in a substudy currently being conducted by telephone interview of participants.
Although it currently appears to be safe as well as generally acceptable or desirable for research participants in prevention studies to receive risk information, the ethics of disclosing genetic susceptibility information such as APOE genotype is still an area of some debate. First of all, the professional disclosing the information needs to be cognizant of the diagnostic and prognostic implications of the test results which imply risk but are not in themselves deterministic. Perhaps more importantly, the ethics depend on empirical evidence of how people actually perceive, recall, and communicate this type of complex risk information [9] . The conservative approach has been to withhold such information when acquired in research studies from individuals concerned about their risk for AD for fear of generating unwarranted stress and anxiety. This paternalistic view has been challenged, however, by results from the REVEAL study [25] , indicating that disclosure of APOE genotyping results to a select group of adult children of patients with AD did not result in significant short-term psychological risks.
Although data from the REVEAL study are reassuring with regard to APOE disclosure, there is very limited information to date on the psychological impact on individuals who have had disclosure of their amyloid PET status, so controversy exists regarding whether such imaging information should be disclosed in clinical and research settings [26] . In a preliminary report from the University of Kansas Alzheimer's Prevention Program Exercise trial [27] , disclosure of elevated amyloid status to 25 cognitively normal participants did not significantly increase anxiety or depression scores at baseline or at 6 months. Furthermore, these participants reported greater intent to change their daily diet and exercise. This same finding was also recently reported for a subgroup of our own registry participants [18] . Importantly, it should be noted that disclosure of risk information would serve to limit recruitment in only a minority of people who are interested in AD prevention research. Indeed, disclosure would serve to enhance likelihood of participation for 43% of people if given APOE information and 41.6% of people if given amyloid PET information in our sample. Similarly, knowing that one is at 50% increased risk for AD was found in one study using hypothetical scenarios to enhance recruitment into preclinical AD trials [28] . Another recent hypothetical clinical trial survey involving 132 cognitively normal people found that those assigned to a risk disclosure arm were 10% more likely to enroll than those in a nondisclosure arm. Furthermore, 96% of participants in the disclosure arm stated that they would want to learn their amyloid PET results [29] .
Although the availability of prevention trials provides a reasonable incentive for people to undergo genetic [30] as well as amyloid PET risk testing [29] with disclosure of status, the fears and anxiety that a minority of people express about being given such information, as well as the possibility that the information could motivate suicidal ideation for some, points to the need for vigilance about psychological risk and efforts to minimize these risks through carefully designed disclosure protocols, such as the one currently being used in the A4 clinical prevention trial [24] .
There are a number of limitations from this survey study that warrant consideration. The sample was highly selected to include only those older people who were specifically interested in participating in AD prevention research studies, so the results cannot be generalized to the larger population of people who are concerned about their risk for developing AD. In addition, limiting generalizability is the high educational status of the sample and the low number of minorities. A less well-educated group, and a more diverse group racially and ethnically, might have dramatically altered the results and conclusions of this survey. Although telephone and in-office cognitive tests were performed in registry participants to exclude dementia, we did not have the cognitive tests results of the respondents, so some of them likely had MCI and were not "normal." Reduced interest in predictive testing among those with subjective complaints may have been driven by those with the greatest actual impairment, i.e., those with MCI.
Most importantly, the respondents to our survey were addressing hypothetical questions about their potential access to risk information. The registry does not provide this information to participants in actual practice. Therefore, it is unknown to what extent these viewpoints would translate to actual behaviors once the respondents would have been provided access to the information. These data will hopefully stimulate further discussions in research circles and among stakeholder groups. Future research should involve a larger number of people after they have been informed of their amyloid PET status to provide additional insight on the effects of such knowledge on actual behaviors and decisions. Long-term studies on behavioral and psychological outcomes should be done to complement cross-sectional studies such as this one. There is also a need to better understand the long term and the immediate ethical issues surrounding AD risk disclosure.
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RESEARCH IN CONTEXT
1. Systematic review: In addition to surveying stakeholders in Alzheimer prevention research from a registry, we searched PubMed over 10 years and meeting abstracts in the past year.
2. Interpretation: Amyloid positron emission tomography (PET) and apolipoprotein E genotyping offer means of identifying people at risk of developing Alzheimer's disease (AD), but it is unclear how research participants feel about personal access to such test results. Stakeholders generally wish to know biological test information about their risk for developing AD to assist in making life plans as well as to decide on participation in prevention research. In a small minority, however, those plans may include pre-emptive suicide.
3. Future directions: Future research should involve larger samples who have been informed of their amyloid PET status to provide additional insight regarding effects on actual behaviors and decisions. There is also a need to better understand the long term and the immediate ethical issues surrounding AD risk disclosure.
